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Figure 1 Schematic diagram of the appearance process of haem
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Figure 2 Left: Results of enhancement of fingermarks in blood with
Bluestar, AHP, LCV and LMG. Right: The result of comparing the
photoluminescence-induced ability of AHP and LCV using a splitted
fingermark in blood (505 nm) [31] (color online).
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Figure 3 Schematic diagram of blood fingermark enhancement
process of protein staining reagent (color online).
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Figure 4 Purposed of bloody fingermark stained with Lac dye [41]
(color online).
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Figure 5 Schematic diagram of amino acid reaction process of
indanedione and DFO (color online).
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Figure 6 Schematic design (top) and energy-level diagram (bottom)
of NaYbF,; Tm@NaYF,:Yb@NaNdF,:Yb(CSS) nanoparticle for dual
modes of NIR emission under 808 nm excitation [60] (color online).
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Figure 10 (a) MALDI MS spectra of haem (i) and haemoglobin
peptides (ii) from an untreated control blood mark (iii). (b) (i) Optical
image, and (ii) MALDI MS image of haem at m/z 616.2 acquired on the
MALDI QStar Elite, and (iii) the overlay of the MS image of haem with
the optical image of the NIN developed blood mark [81] (color online).

55%MITRENTR B, RN, N IRR B RS
WITEAL S5 Ja IR IS 53858, v THREN it —
BHG. 20214, Heaton ™5 i MALDI{X £ 75 bRk
il R I A B R 6P I 2T B AR R (Hb var) /7 THH
H RUFHR, o] H T4 5h 1 ese A& 15 E. 2022
4F, KennedyZ ™%t T-MALDI  MSHIRII: A 4T
CRATEVEAL, fRHR B ESE AT, oAb
W5 AR AE I A 2 W 5 1% 07 1 5 N S I 0 ) A6,
FEUESE 1% 5155 53 A R i R e o0 (R B R
T B B6 FN R IE ) FAH 2 1

4.3 [ RAMERA

BT 8 e s ik, Hfis T st
B T8 H TE R E W T RRAE 7 B A R U
20194, TianZE Iz FIHH B Ak 22 B (SECM), T
KT R T HK R (IR L) (PVDF) F L 45 B
Rl 5. 1% B BAIE B[ Ru(NH,;)6 | CL/E A EALIE R A
i, 25 ifife BN FL ISR DUR Y Hh FL i vk i €2 iR
(hemichrome, HC)HIb 22 [ BLCEAR i B AN 11 F7R).
S T IR 7 B K PEPVDF B R A ] 4 Ry 5 H 3R i,
INAl VR E S B A 2 (b B B R R I s k). ok
b, %5 AT X R PR 100045 (0 i Fe EDHEAT %, A
R ML 4D v 28 AP AR W B2 AL 3 P g e L i

5 Hit
5.1 Zar-Pro3% Y6445

Zar-Pro® 5 & Zarate!* 1720104 B 119 K B
LR, B HRE AR B e BRI K, 2T
TR SRR AR RSER R TR ek
. 2655 A 98 6T —Fi o Bk b 4 Ja 1 ot
PGB G L AN At B 1 5 o v ) B e e A,
27 A [ 5 70 S e 4 J BRI, R o P YR R
6 AN 43 < 18] (R A EAE FH BB 6% 7 AR o B 1 ' 5
B EIRIR, A RO R MR EN A AL RS B R, 1%
HR B LRI R F 83 55 2 (6 38 i 198 5 T3 iR &,
HRBEAE1/100211/10002 18], H B35 [ I EP7E 7
17 T IE WA JE AR A B R AR B R A, L S RORATS
AR EN AT [FIRE, ZO7vkE e R, Refe s
) 22 Fob o 2 Thi i 7

SR1M, E20184F, OliverZ!" MR, Zar-ProZkis i

2541



S LS EVRSHI BRI TT it i

(@)

1*
[Ru(NH,)]3* [Ru(NH;)]*
1
f |
10-20 um i 1
HC (Fe?*) + [Ru(NH,)¢]** [Ru(NH,)g]>* + HC (Fe3*)
Furro lood ridge
(b) (c)
1800 100nA
5
= 1350
5 E 900
5
2 450
! G 500 1000 1500 2000 °0 500 1000 1500 2000 3.1nA
Distance / um X/um

B 11 (a) E[Ru(NH;)s] 777 FPVDFJE_EBFM(IfL 5 )
SECMHEUG 5 # /R &0 K. (b) BFM/PVDFFE il (X414, %
#f Ry = 30 pm s~ (c) BEM/PVDFEE i (FISECM B 5. e
Ry = 400 pm s~ B (MR E)

Figure 11 (a) A schematic representation of the SECM imaging
principle for label-free BFMs on a PVDF membrane in the presence of
[Ru(NH3)(,]3+. (b) X-line scan for the partial BFM/PVDF sample.

Translation rate v = 30 um s”'. (c) SECM image of the partial BFM/
PVDF sample . Translation rate v = 400 um s [85] (color online).
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Abstract: Blood fingermarks, as a common piece of evidence at crime scenes, play an important role in personal
recognition, crime scene reconstruction, and criminal investigation. In recent years, with the deep integration of blood
fingermark detection and new reagents, advanced materials, modern analytical methods, and immunological techniques,
the sensitivity, specificity, contrast, and applicability of blood fingermark detection have continuously improved.
Moreover, greater breakthroughs have been made in the analysis of endogenous and exogenous fingermark components,
the compatibility of touch DNA, and the identification of fingermark aging time. This paper outlines the research
progress in blood fingermark detection technology both domestically and internationally, which includes not only
traditional chemical reagents based on the mechanism of haem catalysis, protein staining and amino acid reaction, but
also emerging methods based on novel materials and devices. A brief analysis of the advantages and disadvantages of
each method is discussed, and finally, a prospective outlook is presented on the challenges and future prospects of
existing techniques, aiming to offer guidance for scholars and practitioners in forensic science.

Keywords: haem catalytic reagent, protein staining reagent, nanometer materials, hyperspectral imaging, blood
fingermark, forensic science
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